The fact that morphological changes occur in the lungs of patients with mitral stenosis has been generally accepted since 1936 when Parker and Weiss described thickening of the capillary basement membrane, scarring and probable loss of capillaries (1). These findings have been confirmed and extended by others (2, 3), yet there is no agreement regarding the physiological and clinical significance of the pulmonary lesions. Because of their location in relation to vascular structures, one would expect that such lesions might interfere with the flow of blood through the lungs or with the diffusion of gases across the pulmonary membrane. Hemodynamic studies by a number of different workers have demonstrated an increase in pulmonary vascular resistance in patients with mitral stenosis (4-10). This paper deals with studies of the diffusion of gases across the pulmonary membrane in a group of patients on whom mitral valvulotomy had been performed.
The fact that morphological changes occur in the lungs of patients with mitral stenosis has been generally accepted since 1936 when Parker and Weiss described thickening of the capillary basement membrane, scarring and probable loss of capillaries (1) . These findings have been confirmed and extended by others (2, 3 ), yet there is no agreement regarding the physiological and clinical significance of the pulmonary lesions. Because of their location in relation to vascular structures, one would expect that such lesions might interfere with the flow of blood through the lungs or with the diffusion of gases across the pulmonary membrane. Hemodynamic studies by a number of different workers have demonstrated an increase in pulmonary vascular resistance in patients with mitral stenosis (4) (5) (6) (7) (8) (9) (10) . This paper deals with studies of the diffusion of gases across the pulmonary membrane in a group of patients on whom mitral valvulotomy had been performed.
The diffusing capacity for oxygen is the number of ml. of oxygen diffusing across the pulmonary membrane per minute in response to a mean difference of 1 mm. Hg in the partial pressure of oxygen on the two sides of the membrane. It is a function of the thickness, physicochemical structure and area of the surface across which diffusion takes place. The area is related to the area of the walls of all capillaries which are actively involved in gas exchange. Capillaries are not included if Texas. 2Fellow of the National Foundation for Infantile Paralysis. 8 they are not perfused with blood and do not take part in gas exchange. This qualification is of great importance since recent studies suggest that at rest only a fraction of the total capillary bed is perfused (11) . With increase in cardiac output in response to exercise the diffusing capacity approaches a maximal value, probably because an increasing fraction of the total capillary bed takes part in gas exchange.
In an earlier study in this laboratory low diffusing capacities were demonstrated pre-operatively in some patients with mitral stenosis studied at rest (12) . It was impossible to decide whether these low values indicated morphological changes in the diffusing surface or simply a smaller than usual fraction of perfused capillaries. The present study was designed to minimize this difficulty by dealing only with patients who could tolerate the combined stress of exercise and hypoxia, a combination which is effective in producing maximal values for diffusing capacity in normal persons. The finding of diffusing capacities during exercise which approach the predicted normal values for maximal diffusing capacity would provide evidence against the presence of extensive structural lesions involving the pulmonary membrane. Low results might be equivocal because of uncertainties regarding the fraction of the total capillary bed perfused, but very low values would suggest the presence of extensive structural changes.
CLINICAL MATERIAL AND METHODS
The subjects were 14 patients who had had incapacitating mitral stenosis of long standing but who had improved sufficiently following mitral (12) . Similar studies at rest have been reported by others (5, 13, 14) . Studies of ventilation, of the distribution of blood and gas within the lungs and of diffusing capacity were performed. Vital capacity and maximal breathing capacity measurements were compared to the normal standards of Baldwin, Cournand, and Richards, as re-analyzed by Armstrong (15, 16) . The distribution of blood and gas within the lungs was evaluated by means of the ratio of "dead space" to tidal volume and the ratio of "venous admixture" to total blood flow, according to a system of analysis which has been reported (17) (18) (19) . The upper limit of normal for the ratio of "dead space" to tidal volume is considered to be .30 and for the ratio of "venous admixture" to total flow, .06.
Diffusing capacity was determined by the method of Lilienthal, Riley, Proemmel, and Franke (20) . The patients' exercise tolerance was not adequate to permit determinations at several different levels of work as can be done with normal subjects (11) . Work was performed on a motor-driven treadmill at rates which on clinical grounds seemed as strenuous as the patients could safely tolerate at the lower level of oxygenation. The duration of exercise was 6 to 10 minutes. Every patient except one (R. D.) consumed oxygen at a rate in excess of 400 ml. per min. per sq. meter body surface, and all had diffusion gradients at the end of the alveolar capillaries (PA -P.) of 6 mm. Hg or more. In every instance the arterial blood oxygen tension was 50 mm. Hg or below at the lower level of oxygenation.
The determinations of "dead space," "venous admixture"
and diffusing capacity required simultaneous sampling of expired gas (21) . Since adequate normal standards for women are not available, three-fourths of the value for a man of the same age and height was used in the case of female subjects. This procedure is consistent with the findings in the 9 normal women in the same age group whose maximal diffusing capacities have been determined in this laboratory to date. If the predicted normal value in any instance is taken to be 100 per cent, a given determination will be within one standard deviation if it falls within 19 per cent of the predicted normal, e.g., between 81 and 119 per cent.
RESULTS
In all of the tables the patients are arranged in order of decreasing diffusing capacity during exercise. The data of patients whose highest diffusing capacity during exercise was within 1 standard de-RILEY, JOHNS, COHEN, COHN, CARROLL, AND SHEPARD (Table I) , and abnormalities in ventilatory capacities and in values related to blood-gas distribution in the lungs are not significantly correlated with abnormalities in diffusing capacity (Table II) .
Diffusing capacities and related values are presented in Table III . Three of the 5 patients for whom serial data are available show increases in diffusing capacity during exercise over periods of 4, 15 and 27 months, but these changes are not beyond one standard deviation (19 per cent of the predicted normal maximal value). In a fourth patient (W. L.) a significant decrease in diffusing capacity occurred between 24 and 41 months postoperatively. In Figure 1 the range of diffusing capacity is shown for all post-operative studies during exercise. These data are plotted as percentage of the predicted normal maximal values and are shown in relation to the number of months after operation. Approximately half of the patients had diffusing capacities during exercise which were within 1 standard deviation of the predicted normal maximal values.
In the 6 patients for whom pre-operative studies at rest are reported, the diffusing capacity at rest was 24 per cent or less of the predicted normal maximal value. Normal standards for diffusing capacity at rest have not been defined clearly for the reason that the normal alveolar-capillary diffusion gradient at the end of the capillary (PA"-PC" This is of particular interest because the level of exercise which the patients performed was less than that which is required of normal people in obtaining maximal values for diffusing capacity, and the patients' cardiac output values were probably considerably below those of normal persons during the determination of the maximal diffusing capacity. These considerations suggest that the increased pulmonary capillary pressure and/or other hemodynamic alterations in the patients with mitral stenosis tend to increase the proportion of pulmonary capillaries perfused at a given level of cardiac output.
The diffusing capacities which were below normal during exercise might have been low because of structural changes in the diffusing surface or because many of the pulmonary capillaries were not perfused with blood under the conditions of the study. A choice between these alternatives is difficult to make in the case of the moderately low values, but the very low values obtained in patients M. P. and R. D. probably reflect extensive structural damage to the diffusing surface.
Although the factors causing the low pre-operative diffusing capacities at rest cannot all be evaluated, the subsequent post-operative finding of considerably higher values during exercise suggests that some of the factors were reversible. On theoretical grounds it seems possible that the low preoperative diffusing capacities might have been related to low cardiac output, high critical closing pressure of small pulmonary vessels (12), or subclinical pulmonary edema-all potentially reversible.
With respect to the selection of patients for surgery, the experience with this small group indicates that striking clinical improvement from valvulotomy may be obtained even in patients with severe impairment of diffusion. Normal people have a large reserve of diffusing capacity which is required only during very heavy exercise. The limitation of exercise tolerance in patients with mitral stenosis reduces the need for this reserve. Impairment of diffusion therefore appears to be of secondary importance in this group of patients. SUMMARY 1. Studies of pulmonary function are reported in 14 patients on whom mitral valvulotomy was performed 5 to 55 months previously. Pulmonary ventilation, intrapulmonary distribution of blood and gas, and diffusing capacity were measured. Findings were related to pre-operative studies previously reported.
2. Although significant incapacity had existed over a period of years pre-operatively, approximately half of the patients showed post-operative diffusing capacities during exercise which were within one standard deviation of the predicted normal values for maximal diffusing capacity. The other patients showed moderate to severe lowering of diffusing capacity during exercise.
3. The patients with diffusing capacities during exercise which.were normal probably did not have extensive structural changes in the pulmonary membrane. The 2 with very low values probably did have extensive structural changes. Intermediate values could not be interpreted.
4. All 6 of the patients who were studied preoperatively at rest showed low diffusing capacities. Since all were greatly improved following mitral valvulotomy, a low pre-operative diffusing capacity is not considered a contraindication to surgery.
